The root-attacking moth, Isoceras sibirica Alpheraky (Lepidoptera: Cossidae), is a pest of the food crop Asparagus officinalis Linn, and can seriously affect yield. Data for this study were collected from both the laboratory and in the field over a 3-year period (2009 -2011). Periods for egg incubation and pupal stage ranged from 24.49 ± 4.92 to 28.82 ± 4.35, 19.79 ± 4.11 to 21.32 ± 3.46 days, respectively. Larval weight during the developmental period was described by the equation: y = 0.0109e 0.1888x . An average longevity of 6.3 days was observed for male and 5.1 days for female adults. A forewing wingspan of 52.4 ± 0.83 mm and 45.2 ± 0.89 mm was observed for females and males, respectively. This study provides a basis for biological pest control of Isoceras sibirica.
Introduction
Due to the excellent conditions for the cultivation of asparagus, China was the largest producer of asparagus in the world in 2010, followed by Peru and Germany (National Agricultural Statistics Service, 2006) . Asparagus farming therefore contributes significantly to the local economy. Isoceras sibirica Alpheraky (Lepidoptera: Cossidae), a destructive pest, is widely distributed in asparagus farms in China. I. sibirica larvae burrow into the root crowns, causing destruction of the freshly planted asparagus. This damage seriously affects growth and total asparagus yield. The larvae of I. sibirica grow within the roots of asparagus, making control difficult. At present, the main control method is the broad use of chemical pesticides. Year by year, long-term and heavy application of pesticides has resulted in serious environmental pollution, which can potentially compromise human health. Although strenuous efforts have been made to control the moths (Guoqi et al., 2010; Hongxia, Yujie, & Jintong, 2010; Gaochuan et al., 2013) ; however, their biology has been studied little. Such biological insight would facilitate the formulation of effective management strategies (Kioko, Raina, & Mueke, 2000) , and is therefore the basis of this study.
Methods
This study was conducted both in the laboratory and in the field of Shanxi province, North China, which lies between latitudes 34º42'N and 40º42'N, longitudes 110º24'E and 114º42'E altitude, and is 1000 m above sea level. Experiments conducted in the laboratory focused on the morphological structure of eggs, larvae, pupae and adults of I. sibirica. The field experiments were carried out during 2009, 2010 and 2011 in Shanxi.
Egg Clusters and Incubation Period
To determine egg size, 1000 eggs from six I. sibirica female moths were measured under a stereomicroscope using an ocular micrometer (Mbahin, Raina, Kioko, & Mueke, 2012) . The average length of 100 freshly laid egg clusters was determined using a Vernier calliper. An electronic balance was used to determine egg weight. Incubation periods were determined for 100 egg clusters, which were laid daily and marked. Eggs were monitored daily over 40 days and hatching times were recorded for each egg.
Larval Period
After hatching, larvae were transferred to separate asparagus plants and reared. The larval period was determined by observing the first through seventh instars of 100 cohorts of I. sibirica larvae until they emerged. The number of instars was calculated by visual observation of discarded exuviae (Mbahin et al., 2007; Schmidt, Campbell, & Trotter, 1977) . Larval weight during the developmental period is presented in Figure 1 .
Pupal Period
To measure the pupal period, spinning dates of 125 cocoon nests were recorded prior to transfer to an open sleeve (50×45×45 cm) until the adults emerged.
Adults
The life span of male and female moths was measured from the point at which larvae became viable. The moths were deposited into a wooden cage (100×100×100 cm) with nylon screens mounted on all four sides and a door on one side (Gothilf, 1968) . Wingspan, as determined by the maximum distance between the tips of each forewing, was measured using a Vernier caliper.
Data analysis
Mean values were compared using a t-test (Peacock, & Worner, 2008) or chi-square (Moses, Emerson, & Hosseini, 1984) . The SPSS 17.0 software package was used for data analysis. The degree of significance is shown as follows:
*: significant (P < 0.05); **: highly significant (P < 0.01); ns: not significant (P > 0.05).
Results

Egg Clusters
The egg of I. sibirica is oval in shape, measures 1.96 ± 0.02 mm at the major axis and 0.73 ± 0.02 mm at the minor axis (n = 79). Eggs weigh an average of 0.84 ± 0.003 mg (n = 68), with regular hexagon ridges projecting upward. They are white in color, but become brown prior to hatching. The eggs are usually laid in clusters on the epidermis of asparagus stems. The mean number of freshly laid eggs in a cluster was 204 ± 6 (n = 25). The incubation period ranged from 24 to 28 days. Mean incubation periods are shown in Table 1 . n: number of egg clusters.
Larvae
Newly emerged larva chew a small cavity, approximately 0.5 mm in diameter, into the stem and crawl down the stem to the root, which is typically 2-3 cm below the soil surface. Based on our observations, the larvae are gregarious from the first to the seventh instars. Direct observation of expelled exuviae by larvae reared through the larval stage indicated that there are six molts in the period from hatch to pupation. From the first larval instar until pre-pupa, young larvae grew from 1.8 mg to more than 4,600 mg. Developmental data are presented in Figure 1 . The equation used to determine the curve is showed as y = 0.0109e 
Pupa
After the larvae period is complete, mature larvae leave the asparagus in search of a convenient place to pupate. The cocoons averaged 8 cm in length and 1.5 cm in diameter and were gray in color. Within the cocoon, the larvae remained quiescent in a pre-pupa stage for 3 to 5 days before pupating. Cocoon construction and the pre-pupa stage required between 5 to 10 days, depending upon the ambient temperature. The length and width of male pupae ranged from 1.7 to 2.8 cm (mean 2.2 ± 0.27) and 0.6 to 1 cm (mean 0.77 ± 0.10) (n = 43), while the length and width of female pupae ranged from 2.2 to 3.2 (mean 2.6 ± 0.28) and 0.6 to 1.2 cm (mean 0.84 ± 0.12) (n = 38), respectively. There was a highly significant difference between the lengths and widths of the two sexes. The weight of the male pupae ranged from 0.23 to 0.47 g (mean 0.35± 0.06), whereas female pupae weight ranged from 0.27 to 0.56 g (mean 0.43 ± 0.07). There were also highly significant differences between the weights of the pupae of the two sexes. The mean (±SD) pupal period (days) of I. sibirica in the asparagus field is presented in Table 2 . n: number of cocoon nests.
Adults
Moths emerged from April through June. On average, mean forewing length was 28.4 ± 0.80 mm for females (Figure 2 .4) (n = 187), compared to 24.3 ± 0.67 mm for males (n = 198). Forewing wingspan was 52.4 ± 0.83 mm and 45.2 ± 0.89 mm for females and males, respectively. Highly significant differences were found between the mean length of forewing and the wingspan of the male and the female moths. Mean life span of I. sibirica in the asparagus field is presented in Table 3 . n: number of males or females moths; ns: not significant difference between male and female; **: highly significant difference between male and female.
Occurrence of I. sibirica
Time of occurrence of I. sibirica is listed in Table 4 . 
Discussion
Experimental results presented herein have resolved much of the confusion over the timing of I. sibirica development (Al-Mehmmady, 2000) . Total number of eggs laid varied by a few hundred or more, however, no significant differences (P < 0.01) were found between numbers of eggs from different egg clusters after mating (Figure 2. 3). Our results correlate with the work of Guoqi (2008) , who reported an average of 226 and noted that incubation periods are dependent on climate. Oviposition can be influenced by many factors, including plant volatiles, secondary chemicals, temperature and waxes on leaf surfaces (Asian Vegetable Research and Development Center, 1986; Lu, Chen, & Zhu, 1988; Talekar & Shelton, 1993) , however, eggs continue to be laid so long as the temperature is favorable (Gothilf, 1970 ).
It appears that variations in larvae periods correlate with the availability of food and favorable climatic conditions. The newly emerged larvae are active and roll in the soil looking for food. When they encounter asparagus, the larvae first consume the stem, then the roots, which renders the crop unfit for human consumption. As a result, major reductions in asparagus yield can occur (Guoqi et al., 2008) .
Other factors affecting pupation include the thickness of the soil. Previous studies of the time of pupation reported that the average date for eclosion was May 21, but this varied depending upon the temperature (Markin, Nagata, & Taniguchi, 1989) .
Moths remain quiescent due to an aversion to light. The life span of males is longer than that of females. It is possible that females consume too much energy before dying. In addition, some morphological differences exist between the forewing and anterior wing (Figures 2.1 and 2.2).
Additional studies should fully elucidate the biology of I. sibirica and provide information to facilitate the development of more effective control strategies for this pest. Accurate and detailed information regarding the biology of I. sibirica is necessary for development of an effective program for management of this important and widespread pest.
Initial data suggest that the application of sex pheromones may be an effective strategy to reduce attacks by I. sibirica (Alpheraky), and temper crop damage (C. J. DeLoach, A. D. DeLoach, & Cordo, 1979) . Future work focused on ultrastructural findings of I. sibirica, in relation to the underlying biochemical processes of sex pheromone biosynthesis or plant volatiles, may also prove informative (Yokoyama et al., 2003) . Vol. 7, No. 2; 2015 
